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Mikael von und zu Fraunberg3, Mika Niemelä1, Juha E. Jääskeläinen3, Juha A. Hernesniemi1-OBJECTIVE: Aneurysms of the posterior cerebral artery
(PCA) are uncommon. Because of their low incidence, only 5
series with more than 30 patient cases have been reported.
The treatment of PCA aneurysms is challenging because of
the high frequency of fusiform aneurysms and closeness to
important neuroanatomic structures.
-METHODS: A total of 121 patientswith 135 PCA aneurysms
were reviewed. The clinical and radiologic data, treatment
strategies, and 1-year outcomeswere analyzed. Patients with
giant aneurysms, associated aneurysms, and aneurysms on
arteriovenous malformation-feeding PCAs were considered
as complex cases. Outcomes were categorized into 3 groups:
good (modified Rankin Scale [mRS], score 0e1), moderate
(mRS score, 2e4), and poor (mRS score, 5e6).
-RESULTS: There were 52 ruptured (39%) and 83 unruptured
(61%) PCA aneurysms in 121 patients, with the following
distribution: P1 (n [ 53), P1/2 (n [ 39), P2 (n [ 28), and P3
(n[ 15). The incidence of fusiform PCA aneurysms was high
(24%). Microsurgical treatment was applied to 63 aneurysms
and endovascular treatment to 19 aneurysms; 55 aneurysms
were treated conservatively. The following treatment results
were achieved: for patients with unruptured PCA aneurysms,
n[ 19; 12 good outcomes, 63%; 6 moderate, 31%; 1 poor, 1%;
for patients with ruptured PCA aneurysms, n [ 27; 10 good,
37%; 9 moderate, 33%; 8 poor, 30%; and for patientsKey words
- Aneurysm
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DSA: Digital subtraction angiography
H&H: Hunt and Hess grade
ICH: Intracerebral hemorrhage
IVH: Intraventricular hemorrhage
mRS: modified Rankin Scale
P1: P1 segment of posterior cerebral artery
P1/2: P1/P2 junction of posterior cerebral artery
P2: P2 segment of posterior cerebral artery
P3: P3 segment of posterior cerebral artery
WORLD NEUROSURGERY 92: 521-532, AUGUST 2016with complex neurovascular diseases and PCA aneurysms,
n [ 96; 42 good, 43%; 40 moderate, 42%; 14 poor, 15%.
-CONCLUSIONS: Aneurysms of the PCA are infrequent
and often associated with other vascular diseases.
Microsurgery and endovascular treatment are effective for
the occlusion of PCA aneurysms. The preservation or
reconstruction of the parent vessel is crucial for favorable
treatment outcomes.INTRODUCTIONneurysms of the posterior cerebral artery (PCA) are un-
common, representing less than 2% of all aneurysms.1-3ABecause of this low incidence, most of the institutional
series on PCA aneurysms are small2,4-17; only 7 reports with more
than 25 patients have previously been published (Table 1).1,18-23
The largest series was reported by Drake et al.7 in a study of 125
cases.
PCA aneurysms are classified into 5 groups according to
their segment origin (Figure 1): the P1 segment (P1 aneurysms)
or precommunicating segment; the P1/P2 junction (P1/P2
aneurysms); the P2 segment (P2 aneurysms); the P3 segment (P3
aneurysms); and the P4 segment (P4 aneurysms).24
In general, treatment of PCA aneurysms is challenging because
of their deep anatomic location, closeness to sensitiveP4: P4 segment of posterior cerebral artery
PCA: Posterior cerebral artery
SAH: Subarachnoid hemorrhage
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Table 1. Previous Reports on Posterior Cerebral Artery
Aneurysms with More Than 25 Patients
Reference Cases Treatment
Drake et al. 19961 125 Surgical
Zhitao et al. 201018 42 Surgical
Chang et al. 201019 33 Surgical and endovascular
Wang et al. 201520 30 Surgical
Taylor et al. 200321 30 Surgical and endovascular
Sanai et al. 200822 27 Surgical and endovascular
Kim et al. 201323 25 Surgical and endovascular
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FELIX GOEHRE ET AL. PCA ANEURYSMSneuroanatomic structures, and the long intravasal route to the
terminal segments of the posterior circulation.25,26 Furthermore,
the specific morphologic features of PCA aneurysms complicate
their treatment, especially the high frequency of fusiform shape
and closeness to important midbrain perforators.27
Surgical approaches, such as the subtemporal, pterional, orbi-
tozygomatic, supracerebellar transtentorial, and posterior inter-
hemispheric approaches, have been described for microsurgical
management of aneurysms on various PCA segments.1,6,17,21,28,29
However, during the last 3 decades, endovascular techniquesFigure 1. The posterior cerebral artery and its
segments.
522 www.SCIENCEDIRECT.com WORLD NEUhave evolved rapidly and PCA aneurysms close to the brainstem
are also treated using endovascular techniques.4,7,16,30
We present a consecutive series of 121 patients with 135 PCA
aneurysms treated between 1980 and 2014 at the 2 given neuro-
surgical centers, which are responsible for a population of
approximately 2.8 million people. The aim of this analysis is to
establish a foundation for the further development of treatment
strategies for PCA aneurysms.METHODS
From 1980 to 2014, 121 patients with 135 PCA aneurysms were
evaluated and treated at 2 neurosurgical centers (Helsinki and
Kuopio), responsible for the entire population of southern and
eastern Finland of 2.8 million people. Overall, slightly more than
14,500 patients with intracranial aneurysms were treated.
The hospital records and images were evaluated for all patients
with PCA aneurysms. The following clinical data were collected:
patient age, sex, Hunt and Hess (H&H) grade on admission,
treatment modality, time to treatment, occlusion grade, compli-
cations, neurologic deficits, and cause of death. The modified
Rankin Scale (mRS) was used to measure outcomes, evaluated at
12-month follow-up. For further analysis, outcomes were catego-
rized into 3 groups: 1) good (mRS score, 0e1), 2) moderate
(mRS score, 2e4), and 3) poor (mRS score, 5e6).
We performed a PubMed search for articles published
from 1980 to 2015 on the treatment of PCA aneurysms with
the following keyword(s): PCA, posterior cerebral artery, aneu-
rysms. We identified 7 series with over 25 patients, presented in
Table 1.
All patients underwent computed tomography angiography,
digital subtraction angiography (DSA), or magnetic resonance
angiography for diagnosis. The radiologic images were stored in
the hospital’s digital archiving system (PACS; AGFA, IMPAX,
version 4.5, launched in 1998) or in the central radiographic image
archive, from which the relevant images were recalled. The image
analyses were conducted by 2 experienced neurosurgeons, 1 (R.K.)
with double specialization in neurosurgery and neuroradiology.
The following radiologic data were collected: aneurysm height,
neck diameter, dome width, previous treatment (coiling or clip-
ping), and the presence of remnant aneurysm parts after the
treatment.
Using these methods, 121 consecutive patients (36 male, 85
female) with 135 PCA aneurysms were identified. Ruptured PCA
aneurysms were found in 52 patients. For further analyses, the
patients were divided into 9 groups: 1) unruptured saccular an-
eurysms (n ¼ 9); 2) unruptured fusiform aneurysms (n ¼ 10); 3)
unruptured giant aneurysms (n ¼ 7); 4) unruptured PCA aneu-
rysms with associated aneurysms (n ¼ 21); 5) ruptured saccular
aneurysms (n ¼ 20); 6) ruptured fusiform aneurysms (n ¼ 7); 7)
ruptured PCA aneurysms with associated aneurysms (n ¼ 18); 8)
subarachnoid hemorrhages (SAHs) from an associated aneurysm
rupture (n ¼ 17); and 9) SAHs from an associated arteriovenous
malformation (AVM) (n ¼ 12).
Microsurgical treatment was applied to 63 aneurysms and
endovascular treatment to 19 aneurysms; 55 aneurysms were
treated conservatively.ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.03.063











FELIX GOEHRE ET AL. PCA ANEURYSMSEthics and Statistical Analyses
The data were collected under the approval of local university ethic
committees (469/E0/04 HUCH - KUH). Data were analyzed with a
commercially available statistical software package (SPSS for Mac,


















P1As 13 (33) 3 (23) 30 (47) 7 (35)
P1/2As 15 (38) 4 15 (24) 5 (25)
P2As 5 (13) 3 (23) 13 (21) 7 (35)
P3As 6 (15) 3 (23) 5 (8) 1 (1)
Side
Left 23 (59) 9 (69) 32 (51) 4 (20)
Right 16 (41) 4 (31) 31 (49) 16 (80)
Gender
Male 10 (26) 6 (46) 18 (29) 5 (25)




22 (56) 55 (87)
Medium
(7e14 mm)
15 (38) 4 (6)
Large
(15e24 mm)
3 (8) 2 (3)
Giant
(>24 mm)




2 (15) 6 (30)
Medium
(7e14 mm)
7 (54) 10 (50)
Large
(15e24 mm)
2 (15) 2 (10)
Giant
(>24 mm)
2 (15) 2 (10)
Wall structure
Irregular 27 (69) 10 (77) 20 (32) 7 (35)
As, aneurysms; P1,P2,P1/2 junction, P2, P3, segments of the posterior cerebral artery;
PCA, posterior cerebral artery.RESULTS
Distribution of PCA Aneurysms (n [ 135)
In this series, the most frequently affected segment for PCA
aneurysms was the P1 segment (n ¼ 53; 39%), followed by the P1/2
junction (n ¼ 39; 29%), the P2 segment (n ¼ 28; 21%), and the P3
segment (n ¼ 15; 11%). P3 aneurysms presented the highest
rupture rate, with 9 ruptured of the 15 total aneurysms (60%). In
addition, fusiform aneurysms were often found on the P2 segment
(n ¼ 10). However, the rupture rate was highest in fusiform P3
segment aneurysms, with 3 of 4 being ruptured.
Shapes and Sizes of PCA Aneurysms (n [ 135)
A saccular shape was present in 102 (76%) of the 135 PCA aneu-
rysms; the remaining 33 (24%) aneurysms were fusiform. Most of
the evaluated saccular PCA aneurysms were smaller than 7 mm
(n ¼ 77, 75%), even when ruptured (n ¼ 22, 56%). In this series,
we saw only 9 large and 7 giant aneurysms, altogether repre-
senting 12% of the studied PCA aneurysms. The characteristics of
PCA aneurysms are given in Table 2.
Clinical Presentation
Fifty-two patients (43%) had SAH from a PCA aneurysm (Figure 2);
21 of them also presented with an intraventricular hemorrhage
(IVH), 3 with an intracerebral hemorrhage (ICH), and 1 with an
SDH. Seventeen patients (14%) were diagnosed in conjunction
with a ruptured associated aneurysm. Twelve patients (10%) had
an AVM-related PCA aneurysm. Oculomotor nerve affection
occurred in 7 patients (6%); 3 of these patients had an unruptured
PCA aneurysm, 1 patient a ruptured PCA aneurysm, and 2 patients
a ruptured posterior communicating artery aneurysm. Six patients
with unruptured aneurysms (5%) manifested symptoms of
ischemia after embolism and 2 patients with unruptured aneu-
rysms became symptomatic from mass effect.
Multiple PCA Aneurysms
Multiple PCA aneurysms were found in 10 patients. Nine of these
patients presented the second PCA aneurysm on the ipsilateral
PCA and 1 patient on the contralateral, whereas 4 of these 9 had a
ruptured PCA aneurysm. Four patients had 3 PCA aneurysms
each, and for 2 patients, these aneurysms were located on an
AVM-feeding PCA.
Associated Aneurysms
Associated aneurysms were found in 67 patients (55%), of whom
19 presented SAH (16%) (Table 3). Two ruptured associated
aneurysms were located on an AVM feeder. Forty-one patients
(34%) had more than 1 associated aneurysm. The distribution of
associated aneurysms along the intracranial vessels is given in
Table 3.WORLD NEUROSURGERY 92: 521-532, AUGUST 2016Patients with Unruptured Saccular PCA Aneurysms (n [ 9)
Six patients were treated conservatively, including 1 patient with
oculomotor palsy. That particular decision was made together
with the patient, primarily based on the patient’s older age (88
years, mRS score 1 after 1 year and persistent oculomotor palsy).
One patient died after a cardiac infarction during the first year ofwww.WORLDNEUROSURGERY.org 523
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FELIX GOEHRE ET AL. PCA ANEURYSMSfollow-up. The other patients had aneurysms smaller than 4 mm
and had favorable outcomes (mRS score, 0). Three patients were
treated microsurgically, 1 of whom had a moderate outcome
caused by parent vessel occlusion and consecutive PCA infarction.
All other patients, including 1 who underwent bypass bridging,
had a good outcome (Table 4).
Patients with Unruptured Fusiform PCA Aneurysms (n [ 10)
Nine of 10 patients were diagnosed incidentally and the remaining
patient became symptomatic with embolic symptoms. One patient
with a small aneurysm (<3 mm) was treated conservatively and
had a good outcome. The remaining 9 patients were treated by
microsurgical means. In 3 patients, a proximal occlusion was
performed. One aneurysm was clipped after initially failed coiling
and 4 aneurysms were directly clipped. One aneurysm was bridged
with a bypass and trapped. One clipped aneurysm required
reoperation to trap the aneurysm. Two patients developed a PCA
infarction after proximal occlusion. Three patients developed
permanent oculomotor nerve palsy after direct clipping. The
overall outcome was good in 5 cases and moderate in 5 cases
(Table 4).
Patients with Unruptured Giant PCA Aneurysm (n [ 7)
Only 3 of the 7 patients with a giant PCA aneurysm (diameter 25
mm) became symptomatic via rupture (Table 2). Two patients
became symptomatic by mass lesion, 1 by thromboembolism,
and 1 patient’s aneurysm was found incidentally via a computed
tomography scan taken for other reasons. Six of these
aneurysms were located distal from the P1/2 junction and 4
giant aneurysms presented a fusiform shape. The following
treatment methods were applied: proximal occlusion via
subtemporal approach (n ¼ 3), coil embolization with parent
vessel occlusion (n ¼ 1), thrombectomy and PCA reconstructionFigure 2. Coronal computed tomography (A, coronal) shows s
intraventricular hemorrhage. The computed tomography angio
by the rupture of a large left-sided posterior cerebral artery P1
presented case was fatal.
524 www.SCIENCEDIRECT.com WORLD NEU(n ¼ 1), complex excimer laser-assisted nonocclusive anasto-
mosis bypass (n ¼ 1), and conservative treatment after iatrogenic
injury during DSA (n ¼ 1). An additional ventriculoperitoneal
shunt was required in 1 patient. The achieved outcomes were:
1 good, 5 moderate, and 1 fatal (Table 4).
Patients with Unruptured PCA Aneurysms with Associated
Unruptured Aneurysms (n [ 21)
Twenty-one patients were affected by multiple aneurysms associ-
ated with PCA aneurysms. The overall outcome was good in 13
patients and moderate in 7 cases. One patient died after a diag-
nostic DSA procedure (Table 4).
Ten patients were treated by microsurgery. In 3 of these
patients, the PCA aneurysm was occluded in the same procedure
with associated aneurysms, from a pterional or lateral supraorbital
approach. Two-step surgeries were necessary in 5 patients. In 2 of
these cases, a distal PCA aneurysm (P3 segment) was occluded
from an additional posterior interhemispheric approach. In 1
patient, the PCA aneurysm was treated by flow modulation during
a complex bypass procedure for the treatment of multiple poste-
rior circulation aneurysms. Three patients were treated by endo-
vascular techniques and all aneurysms were occluded during 1
interventional session. In 1 patient, 3 PCA aneurysms were treated
by endovascular occlusion of the proximal aneurysm and the
parent vessel. In 8 patients, the PCA aneurysm was treated
conservatively because of small aneurysm size. In 4 patients, the
aneurysm was smaller than 4 mm. Three patients presented poor
clinical conditions in general.
Patients with Unruptured PCA Aneurysms with Associated
Ruptured Aneurysms (n [ 17)
Associated aneurysms were ruptured in 17 patients, exhibiting the
following H&H grade distribution: I (n ¼ 3), II (n ¼ 7), III (n ¼ 1),evere subarachnoid hemorrhage accompanied by
graphy (B, coronal) shows that the bleeding was caused
/2 junction aneurysm (arrow). The outcome in the
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.03.063
Table 3. Distribution of 156 Associated Aneurysms
Vessel
Unruptured Associated
Aneurysm (n [ 137), n (%)
Ruptured Associated
Aneurysm (n [ 19), n (%)
Internal
carotid artery
43 (28) 4 (3)
Anterior
cerebral artery




12 (8) 2 (1)
Middle
cerebral artery
33 (21) 4 (3)
Posterior
cerebral artery
13 (8) 1 (1)




Vertebral artery 6 (4) 3 (2)
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FELIX GOEHRE ET AL. PCA ANEURYSMSIV (n ¼ 2), and V (n ¼ 4). The following intracranial vessels were
affected by ruptured aneurysms: middle cerebral artery (n ¼ 5),
basilar artery (n ¼ 4), internal carotid artery (n ¼ 3), anterior
communicating artery (n ¼ 3), and vertebral artery (n ¼ 2). In 3
patients, the PCA aneurysms were treated during the same pro-
cedure as the ruptured associated aneurysm, representing 3
endovascular approaches. A multistage procedure was applied in 4
cases using a microsurgical approach for the PCA aneurysm. A
conservative treatment was chosen for 10 patients with an
unruptured PCA aneurysm after the treatment of the ruptured
aneurysm. One patient was in such poor condition that the cere-
bral aneurysms could not be treated. Treatment of a secondary
hydrocephalus by an external ventricular drain was necessary in 5
cases (29%), but implantation of a permanent shunt was not
needed. A favorable 1-year outcome was achieved for 7 patients, a
moderate outcome for 3 patients, and a fatal outcome in 6 cases
(Table 4).
Patients with Ruptured Saccular PCA Aneurysms (n [ 20)
All patients became symptomatic by SAH and 1 suffered from an
additional oculomotor palsy. Four patients were treated conser-
vatively: 3 because of poor clinical condition on admission
(H&H V) and 1 because of old age and severe cardiac dysfunction.
Three patients were treated by endovascular techniques, 2 by
direct coil application, and 1 with a stent/coil technique. Two of
the interventions were uncomplicated and the patients recovered
well with a good outcome; 1 patient developed an anterior circu-
lation infarction during the initial treatment and recovered with an
mRS score of 4 after 1 year. Thirteen patients were microsurgically
treated. In all of these patients, a direct clip occlusion was
possible. In 5 patients, preservation of the parent vessel was not
possible. In 1 patient, the aneurysm ruptured during clipping from
a pterional approach; the patient was initially vegetative and later
died. One aneurysm was incompletely clip occluded and theWORLD NEUROSURGERY 92: 521-532, AUGUST 2016patient died after rerupture; diagnosis was confirmed in autopsy.
Six patients had a good 1-year outcome and 4 others a moderate
outcome (Table 4).
Patients with Ruptured Fusiform PCA Aneurysms (n [ 7)
All patients became symptomatic with SAH. Three were conser-
vatively treated because of their initially poor clinical condition.
Only 1 of these patients survived. Two of the 7 were treated suc-
cessfully by endovascular techniques. One patient was treated by
direct clip occlusion, but the aneurysm ruptured intraoperatively
and the patient developed a PCA infarction after extended tem-
porary clipping. One patient had a favorable 1-year outcome after
proximal occlusion (Table 4).
Patients with Ruptured PCA Aneurysms with Associated
Unruptured Aneurysms (n [ 18)
We treated 18 patients with ruptured PCA aneurysms and associ-
ated aneurysms. Three patients were treated conservatively
because of their poor clinical condition. The outcome was fatal in
all of these cases. Three initially presented with H&H grade V. One
suffered from a cardiac infarction after SAH. Ten patients were
treated microsurgically. In 6 patients, the ruptured PCA was
addressed directly and all reachable aneurysms were occluded
from the same approach. In 4 patients, additional surgeries were
necessary. The outcome was good in 3 cases, moderate in 6 cases,
and fatal in 1 case. In 5 patients, the PCA aneurysms were treated
endovascularly. Associated anterior circulation aneurysms were
treated in 4 cases by clip occlusion. Two patients attained a good
outcome and 3 a moderate outcome (Table 4).
Patients with an Associated AVM (n [ 12)
There were 12 patients with associated AVMs, 8 of whom had
aneurysms (n ¼ 16) located on an AVM-feeding PCA. Treatment by
direct microsurgical occlusion was considered necessary in 2
cases: 1 case for a ruptured saccular P2 aneurysm and the other for
a P3 aneurysm together with a flow-related basilar bifurcation
aneurysm. In both cases, these aneurysms were clip occluded from
a subtemporal approach. In 6 patients, the AVM was occluded and
the aneurysm was considered to be flow related, therefore war-
ranting indirect treatment. A conservative treatment was chosen
for 4 patients. One patient was in poor condition after AVM
rupture, and because the remaining aneurysms were small, the
patient was addressed at follow-up. Only 3 of the patients in this
group had a good 1-year outcome, whereas 8 patients had a
moderate outcome, and 1 patient had a poor outcome. The
outcome deficit was primarily related to the AVM and its treat-
ment; 4 AVMs were ruptured and 1 flow-related associated anterior
communicating artery aneurysm caused an SAH. Only 1 flow-
related PCA aneurysm was ruptured (Table 4).
Microsurgical Treatment of 63 PCA Aneurysms (2 Patients After
Failed Endovascular Treatment)
Sixty-three aneurysms were treated by microsurgical means, 2 of
which had previously been incompletely occluded by coiling. The
aneurysms were located on the P1 segment (n ¼ 18), P1/2 junction
(n ¼ 22), P2 segment (n ¼ 15), and P3 segment (n ¼ 8). Nineteen
aneurysms were fusiform. Thirty-three aneurysms were treated
from a subtemporal approach, 12 from a pterional approach, 10www.WORLDNEUROSURGERY.org 525
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FELIX GOEHRE ET AL. PCA ANEURYSMSfrom a lateral supraorbital approach, and 3 from a posterior
interhemispheric approach (Figure 3). Modified temporal
approaches were used for 2 bypass procedures. The following
procedures were applied: neck clipping (n ¼ 45), failed clipping
(n ¼ 1), neck clipping after failed endovascular occlusion (n ¼
2), aneurysmorrhaphy (n ¼ 1), trapping (n ¼ 2, 1 after failed
clipping), proximal occlusion (n ¼ 7), parent vessel occlusion
after bypass (n ¼ 4, 2 excimer laser-assisted nonocclusive anas-
tomosis procedures), and wrapping (n ¼ 1). During 23 of these
procedures, associated aneurysms were also treated via the same
approach. Six patients had an incomplete aneurysm occlusion
after neck clipping, 1 of whom was treated by aneurysm trapping.Figure 3. Preoperative computed tomography angiography (A,
artery P3 segment aneurysm (rightward arrow). The aneurysm
approach and occluded with a Yasargil miniclip (arrow), preser
high magnification (B). The postoperative computed tomograp
cerebral artery branches distal from the clip occluded aneurys
aneurysms are apparent in the angiographic images (leftward
WORLD NEUROSURGERY 92: 521-532, AUGUST 2016Nine patients developed oculomotor nerve palsy and 1 patient
became affected by trochlear nerve palsy after microsurgical
treatment.
Endovascular Treatment of 19 PCA Aneurysms
The first endovascular treatment of a PCA aneurysm in our
institutions was in 1998. The aneurysms were located on the P1
segment (n ¼ 8), P1/2 junction (n ¼ 4), P2 segment (n ¼ 3), and
the P3 segment (n ¼ 4). Four of these aneurysms were fusiform.
The following techniques were applied: coiling (n ¼ 15), stent-
assisted coiling (n ¼ 1), and sole stenting (n ¼ 2). In 1 patient,
the PCA was occluded for treatment of a total of 3 PCA aneurysms.axial) shows a nonruptured right-sided posterior cerebral
was exposed from a right posterior interhemispheric
ving the parent vessel under direct visual control under
hy angiography (C, axial) shows patency of posterior




FELIX GOEHRE ET AL. PCA ANEURYSMSIn another patient, the PCA was occluded intentionally; this
patient developed a PCA infarction that was subsequently
asymptomatic (Figure 4). An incomplete aneurysm occlusion was
observed in 5 patients, 2 of whom were subsequently surgically
treated and 3 of whom were followed up. Two patients
developed permanent oculomotor nerve palsy secondary to the
aneurysm treatment.
Conservative or Indirect Treatment of 55 PCA aneurysms
Consideration for conservative treatment was based on the
patient’s condition (ie, H&H grade V, n ¼ 10), aneurysm size
(<4 mm, n ¼ 29), and the presence of AVMs. Associated aneu-
rysms were treated by microsurgical occlusion in 2 cases; all othersFigure 4. Computed tomography (A, axial) show a subarachno
view of digital subtraction angiography (B, left internal carotid
carrying a posterior cerebral artery P3 segment aneurysm. The
together with the parent artery (C). The postoperative compu
cerebral artery infarction (arrows).
528 www.SCIENCEDIRECT.com WORLD NEUunderwent follow-up (n ¼ 14). One fatality occurred shortly after
diagnostic DSA of a patient with a large fusiform P2 segment
aneurysm, precluding any active treatment. One patient received
conservative treatment because of advanced age.
Complications and Poor Outcome Analyses
Twenty-one patients with PCA aneurysms (52% ruptured vs. 48%
unruptured, but 33% SAH form associated aneurysm rupture) died
during the first year and 2 remained vegetative. There were 13
patients with H&H grade V and poor clinical conditions on arrival;
they were primarily treated conservatively for palliative reasons.
Five patients had an SAH (H&H IIIeIV): 1 patient died by cardiac
infarction, 1 bled in an infarct area after proximal PCA occlusion,id hemorrhage with intraventricular bleeding. The lateral
injection) shows a fetal-type posterior cerebral artery
aneurysm was treated by coil occlusion of the aneurysm
ted tomography (D, axial) shows a right-side posterior
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.03.063
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P3 Fusiform Infarction
Table 6. Characteristics of 12 Patients with Ruptured Posterior
Cerebral Artery Aneurysms Treated Between 1954 and 2012
Variables Number of Patients
Patients 12




Age at diagnosis (years), mean (range) 43 (23e63)
Aneurysm size
Small (<7 mm) 8
Medium (7e14 mm) 3
Large (15e24 mm) 1










mRS 0e1 (good) 1
mRS 2e4 (moderate) 5
mRS 5e6 (poor) 6
mRS, modified Ranking Scale.
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FELIX GOEHRE ET AL. PCA ANEURYSMSand 3 died after severe vasospasm and multiple infarctions. Three
of the patients without an SAH died: 2 after DSA complications
and 1 of a cardiac infarction. Of the 2 vegetative patients, 1 suf-
fered an intraoperative aneurysm rupture and the other an asso-
ciated AVM rupture. In 11 patients, the PCA parent vessel was
occluded and 6 of these show a symptomatic PCA infarction
(Table 5). Six patients had an incomplete aneurysm occlusion after
neck clipping, 1 of whom underwent a second surgery for
aneurysm trapping. An incomplete aneurysm occlusion was
observed in 5 patients after coil embolization, 2 of whom
underwent subsequent neck clipping. Nine patients developed
oculomotor nerve palsy after microsurgical treatment, 1
developed trochlear nerve palsy after microsurgical treatment,
and 2 developed oculomotor nerve palsy after endovascular
treatment.
DISCUSSION
The presented series contains 121 patients and is therefore one of
the largest studies of PCA aneurysms. Treatment strategies and
associated outcomes were retrospectively analyzed. All patients
were treated at 1 of 2 neurosurgical centers, with a defined
catchment time range of 1980e2014.
Because of the low incidence of PCA aneurysms, which account
for less than 2% of all aneurysms, previous experience is mainly
based on single case descriptions or small case series of fewer
than 25 patients, which are often reported together with other
posterior circulation aneurysms. The exception to this trend is the
highly selected series by Drake et al.1WORLD NEUROSURGERY 92: 521-532, AUGUST 2016Historical Aspects
Our historical series of 12 patients (1954e1980) shows a high rate
(50%) of unfavorable outcomes after conservative treatment but
only 4 patients had an unruptured PCA aneurysm, 1 of whom had
an SAH after 42 years of conservative treatment (Table 6). A case
report on a patient with a fatal outcome after a giant distal PCA
aneurysm rupture was given by Bertrams in 196831 and perfectly
reflects our impression of the historic patient records. At that
time, an active and mostly microsurgical treatment was
becoming increasingly important.32 During the last 3 decades,
endovascular techniques have evolved rapidly and PCA
aneurysms close to the brainstem are now treated using
endovascular techniques at many institutions.4,7,16
Clinical Presentation
The overall H&H grade was no higher for proximal PCA aneu-
rysms than for distal PCA aneurysms; however, 5 of the 9 ruptured
P3 aneurysms led to an IVH or ICH, highlighting the danger ofwww.WORLDNEUROSURGERY.org 529
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FELIX GOEHRE ET AL. PCA ANEURYSMSdistal aneurysms. When compared with the second largest series
on PCA aneurysms, our series showed a less frequent occurrence
of cranial nerve disturbances (6% vs. 21%), which is caused by our
lower rate of large and giant aneurysms (12% vs. 21%).1Special Features of PCA Aneurysms
PCA aneurysms are often associated with multiple aneurysms,
AVMs, a complex angioarchitecture, and a high percentage of
fusiform aneurysms.1,27 We consider 30% of our cases to be com-
plex. We found more than 60% of patients with associated vascular
lesions and 21% of the aneurysms were fusiform. Most aneurysms
were located at the proximal PCA segments (P1 and P1/2 junction)
and 35% of these were ruptured. Of the ruptured PCA aneurysms,
46% were smaller than 7 mm and only 12% were large or giant. The
P2 segment was most often affected by fusiform aneurysms. These
proximal segments are surgically accessible by standard fronto-
temporal or subtemporal approaches and endovascular techniques
are also applicable.1,4,7,16,17,19,28 In particular, PCA aneurysms distal
to the circle of Willis have nearly identical rupture rates (38% vs.
37%). However, their deep anatomic location close to sensitive
neuroanatomic structures and a long intravasal route to the terminal
segments of the posterior circulation make treatment more chal-
lenging. The incidence of ICH after PCA aneurysm rupture is low,
presumably because of the relatively low flow rates compared with
other intracranial vessels33 and the outflow in the basal cisterns.
However, the rate of IVH after P3 aneurysm rupture was high
because of closeness to the lateral ventricles.Treatment Strategies for Saccular PCA Aneurysms
Proximal saccular PCA aneurysms are accessible by microsurgical
and endovascular means. In the presented series, treatment was
carried out mostly by microsurgical means, which allows for direct
visual control of the important perforating branches. The most
common approaches for these aneurysms are the frontotemporal
and subtemporal approaches.1,6,28,29,32 However, the most frequent
complications were not related to the microsurgical approach itself
but more to the chosen strategy. Endovascular treatment was used
for 17 patients with 20 PCA aneurysms, but the primary aneurysm
occlusion rate was only 70%, compared with 90% in the micro-
surgical group. A complete closure of the aneurysm by endovascular
techniques often requires a parent vessel occlusion.4,7,34 We found
both endovascular and open microsurgical techniques suitable for
the occlusion of aneurysms distal from the P2 segment.Treatment Strategies for Fusiform PCA Aneurysms
A fusiform shape is common in aneurysms affecting the PCA.
Perforating branches can originate from the affected segment and
the aneurysm shape complicates a direct surgical clip occlusion.
Clip occlusion was possible in 7 of 29 of these aneurysms (29%);
however, 2 of these were only partially occluded. Proximal occlu-
sion or wrapping of aneurysms must be performed with great
caution to prevent devastating infarction. We can recommend this
treatment strategy only as an ultima ratio option. In our opinion,
reconstructive procedures should be discussed for these cases
and a balloon occlusion test can prove helpful, despite the
risks.19,35-39530 www.SCIENCEDIRECT.com WORLD NEURevascularization Procedures for PCA Aneurysms
Based on our own results, we have to be critical regarding prox-
imal PCA occlusions. The appearance of PCA infarction after PCA
occlusion is a compromising outcome factor. Therefore, we
changed our own treatment strategy for PCA aneurysms. We
found a protective superficial temporal artery-PCA (P2/3) bypass
from a subtemporal approach to be useful in 2 patients, where a
direct microsurgical or endovascular aneurysm treatment was
not possible, to prevent territorial stroke in the distal PCA supply
area.
Treatment Strategies for PCA Aneurysms in Association with
Multiple Aneurysms
The treatment of patients with multiple aneurysms is demanding.
However, the general rules of aneurysm treatment are also
applicable to PCA aneurysms: 1) the first intervention is focused
on the ruptured or likely-to-rupture aneurysm to prevent
rebleeding; 2) the most technically secure method is used; 3) if
possible, all reachable aneurysms are occluded during the same
procedure; 4) other treatable aneurysms are approached after the
acute phase; 5) aneurysms without indication for active treatment
are observed. Using this methodology, we were able to manage 67
patients with multiple aneurysms. Frontotemporal craniotomies
allow access to most ipsilateral anterior circulation aneurysms.29
However, endovascular techniques also allow the occlusion of
several aneurysms during a single intervention.40
Treatment Strategies for PCA Aneurysms in Association with AVM
Only 3 aneurysms of AVM-feeding vessels were addressed by direct
treatment. The low rupture rate during follow-up supports this
decision history, which is comparable with previous reports on
flow-related aneurysms and AVM treatment.41,42 Regardless, the
decision-making process for each of these individual cases is
complex.
Complications
The most serious and outcome-affecting complications are
rerupture and the occurrence of ischemic infarctions after parent
vessel occlusion. The observed frequency of ischemic lesions after
parent vessel occlusion appears to be higher than in other
microsurgical and endovascular series.1,7 Contrary to the general
opinion that parent artery occlusion is a safe treatment option for
distal PCA aneurysms, their preservation is critical for a favorable
outcome. The rate of intraoperative third nerve injuries shows
that solely visual control is insufficient and intraoperative moni-
toring of the third and fourth nerves is therefore highly
recommended.43
Limitations
The major limitation of this study is the retrospective nature of
the data analysis. There was no randomization and the treatment
decision was based on an individual case discussion regarding
the PCA aneurysm morphology and patient condition. Because of
multiple associated vascular lesions, the patient group became
heterogeneous. Regardless, the presented series represents the
largest collection of institutional experience with this rare
disease.ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.03.063
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Aneurysms of the PCA are infrequent and often associated with
other vascular diseases. As a result, individual treatment strategies
are required. Both microsurgery and endovascular treatment are
effective options for the occlusion of PCA aneurysms. DespiteWORLD NEUROSURGERY 92: 521-532, AUGUST 2016commonly adequate vessel collateralization of the distal PCA
territory, preservation or reconstruction of the parent vessel is
crucial for favorable treatment outcomes. The rate of intra-
operative third nerve injuries shows that solely visual control is
insufficient and intraoperative monitoring is recommended.REFERENCES
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